Abstract. The search for weakly interacting dark matter particle (WIMP) candidates produced in association with a Z boson with the ATLAS detector at the LHC is presented. Events with large missing transverse momentum and consistent with the decay of a Z boson into oppositely charged electron or muon pairs were selected in analysis. Background estimates and corresponding systematic uncertainties are shown. The limits on the mass scale of the contact interaction as a function of the dark matter particle mass and the limits on the coupling and scalar particle mediator mass for 8 TeV proton-proton collisions data are presented. Prospects for analysis using 13 TeV proton-proton collisions data are discussed.
Introduction
Astrophysical measurements provide compelling evidence for the existence of nonbaryonic dark matter (DM) [1] . However, no experiments to date have revealed its particle nature nor proved its nongravitational interactions, if they exist [2] . At hadron colliders, weakly interacting massive particles (WIMPs), the promising candidates for dark matter particles, are predicted to be produced in pairs in some Beyond the Standard Model (BSM) theories. A WIMP would escape as undetected particle, but could be identified by a signature involving missing transverse momentum E miss T . Selecting events with a clear Z boson signature results in a well-studied E miss T distribution. A search was performed with the ATLAS detector [3] at the LHC for deviations from E miss T distribution expected from Standard Model processes [4] .
The results were examined in terms of effective field theory (EFT) models [5] and models in which the intermediate state is specified [6] . The EFTs considered in this analysis (shown on Figure 1 ) are expressed in terms of two parameters: mass of the DM particle m χ and a mass scale M * , which parameterizes the coupling between the WIMP and SM particles 1 . EFT operators D1 (scalar, spin independent), D5 (vector, spin independent), and D9 (tensor, spin dependent), following the definitions in [5] , are representative of the full set of operators in which the Z boson is emitted as ISR. Two examples of the dimension-7 ZZ χχ operator mixtures are considered: one in which the Z γ * contribution is negligible and one in which it is maximal. a e-mail: artem.basalaev@cern.ch 1 
gχgq , where M is mediator mass, g q is SM-mediator coupling and g χ is mediator-DM coupling.
While the use of EFTs is appealing because the intermediate state mediating the parton-WIMP interaction is unknown, there are strong restrictions on EFTs validity. In particular, momentum transfer should generally be much lower than the mass scale and EFT is not a UV-complete theory. For a detailed analysis regarding validity of the EFTs for searches at the LHC please refer to [7] . To complement the EFT analysis, results were also examined in terms of a model with a scalar mediator η, with mass m η , and a scalar-WIMP coupling strength f , shown on Figure 1 (c). The production cross section is proportional to f 4 . The same final state signature as predicted by the EFT, Z χχ , is produced. , and for models with specified mediator (c).
Event Selection and Background Estimation
Electron candidates are reconstructed from isolated energy deposits in the electromagnetic calorimeter with a shower shape consistent with electrons or photons, matched to inner detector tracks [8] .
Muon candidates are reconstructed combining tracks independently found in the muon spectrometer and inner tracking detector [9] . Jets are reconstructed using the anti-k t algorithm [10] with a radius parameter R = 0.4. Basic kinematic cuts are also applied, along with some additional selection to ensure good separation between reconstructed objects [4] . The invariant mass of a lepton pair is required to be consistent with that of a Z boson, 76 GeV ≤ M ≤ 106 GeV. Events are required to pass event quality checks for errors in sub-detectors during recording, and at least one of the trigger requirements: single-lepton with higher p T , or lepton-pair with lower p T . The E miss T is expected to be back-to-back with the Z boson. This is accounted for in the ∆φ(Z, E miss T ) variable, which is required to be greater than 2.5. The absolute value of the pseudorapidity of the dilepton system, |η ll |, must be less than 2.5. Any possible imbalance, implying the presence of fake E miss T , is accounted for by an upper threshold on the fractional p T difference variable, defined as |E miss T − p T |/p T < 0.5. Events are removed if they contain jets with p T > 25 GeV to suppress top-quark pair background. Events containing a third lepton with p T > 7 GeV, satisfying looser identification requirements are removed to suppress diboson background. The dark matter models considered here have different E miss T spectra, leading to a variety of optimal lower thresholds of E The dominant background process is ZZ → + − νν , an irreducible background. Reducible backgrounds may have jets produced in association with two leptons, where the jets are misidentified or unreconstructed, such as tt → + νb −νb , ZZ → + −, WZ →qq + − or Z + jets (including decays to τ leptons). The other important background is WW → + ν −ν , which may only be reduced through the mass window requirement. Additional reducible sources may produce events with more ICNFP 2016 than two leptons where the additional leptons are misidentified or not reconstructed, or less than two leptons where jets are misidentified as leptons, such as WZ → ν + − and W + jets, respectively.
Data-driven techniques for background estimation were used where possible. Otherwise, MC simulation samples were used, obtained with MC generators such as Sherpa, Powheg. Detailed information on background estimations is provided in [4] .
The ZZ and WZ backgrounds are estimated from MC simulations. The WW, tt, Wt, and Z → tt backgrounds are estimated from data using the absence of signal in the eµ channel and the relative production rate of 1 : 1 : 2 for the ee, µµ, and eµ channels. An eµ control region similar to the signal region is defined, and the background estimate for the ee and µµ signal regions is obtained from the number of eµ events in the control region after correcting for different acceptances and efficiencies. The Z + jets background is estimated using two data-driven techniques: ABCD method [11] using uncorrelated variables E miss T and η ll , and by fitting the distributions of ∆φ(Z, E miss T ) and E miss T at small values and extrapolating them to the signal regions. The W + jets background is estimated by reversing the electron isolation condition and loosening identification requirements for one electron in order to obtain a data sample enriched in jets reconstructed as electrons. [GeV] miss T E Entries / 50 GeV Additionally the limits are translated into χ-nucleon scattering cross section and compared with several other ATLAS searches and direct searches for spin-depentent (Figure 3(c) ) and spinindependent (Figure 3(d) ) cases.
Results and Conclusions

Prospects in Run 2
[GeV] ATLAS Preliminary Run 2 of the LHC is steadily ongoing, with proton-proton collision energy reaching unprecedented √ s = 13 TeV. The integrated luminosity collected in Run 1 has already been surpassed, promising increase in sensitivity for many analyses, including the search discussed here. Presented on Figure 4 are the background estimates with 2015 data for the search for additional heavy Higgs boson, which is utilizing the same νν final state and the same processes are considered as background.
